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ABSTRACT

Gradenigo syndrome is a rare complication of otitis media with extension of inflammation into the petrous apex of the temporal bone, that
is, petrous apicitis. The classical triad of Gradenigo syndrome includes suppurative otitis media, ipsilateral abducens nerve palsy, and facial
pain in the distribution of the trigeminal nerve. We present a unique case of incomplete Gradenigo syndrome complicated by meningitis
with intracranial air. A 42-year-old female patient presented with left-sided suppurative otitis media with severe ipsilateral otalgia, deep
facial pain, and generalized headache. Imaging revealed left otomastoiditis, petrous apicitis and a small amount of intracranial air in the area
of Meckel's cave. Cerebrospinal fluid analysis confirmed pneumococcal meningitis. Early initiation of treatment with high-dose intravenous
antibiotics resulted in complete recovery. This case highlights that petrous apicitis can be associated with intracranial complications, even in

the absence of abducens nerve palsy.
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Introduction

The classical Gradenigo syndrome is a triad of suppurative oti-
tis media, severe facial pain in the distribution of the ipsilateral
trigeminal nerve (mainly the ophthalmic part), and ipsilateral
paresis of the abducens nerve (causing horizontal diplopia) (1).

Gradenigo syndrome is a rare complication of otitis media
(acute or chronic, with or without cholesteatoma) with exten-
sion of inflammation into the petrous apex of the temporal
bone, that is, petrous apicitis (2-4).

The syndrome is named after Professor Guissepe Gradenigo,
who first described this symptom complex in 1904 and pub-
lished a report on 57 cases of petrous apicitis (4 cases of his
own and 53 cases collected from existing literature) in 1907
(5). It has been emphasized that the clinical presentation of
petrous apicitis is variable and not all cases present as the clas-
sical triad (5, 8). In particular, abducens palsy is not a consis-
tent finding; therefore, it should not be considered essential
to suggest a diagnosis of Gradenigo syndrome (7). As petrous
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apicitis may give rise to potentially fatal complications, such as
meningitis or intracranial abscess formation, early recognition
and treatment of the condition is of major importance (1).

Case Presentation

A 42-year-old female patient presented to the emergency
department with left-sided severe otalgia and otorrhea for 5
days. There was associated left-sided deep facial pain of in-
creasing severity which was not responding to analgesic treat-
ment. Oral antibiotic treatment (amoxicillin/clavulanic acid)
had been initiated since day 1. There was severe headache,
slight dizziness, and cervical pain, but no nausea, vomiting, or
blurred or double vision. On physical examination, there was
retroauricular pain upon palpation but no tenderness or swell-
ing over the mastoid area. Micro-otoscopy revealed left-sided
acute otitis media (AOM) with purulent otorrhea from which a
culture swab was taken. There was slight cervical tenderness
upon palpation, with passive maximal neck flexion without
nuchal rigidity. There was normal facial symmetry and sen-
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Figure 1. a, b. Contrast-enhanced computed tomography of the head (day 1 of hospitalization). Soft tissue (a) and bone window (b) images show
opacification of the mastoid air cells (black arrowhead in b), middle ear and multiple air cells of the pneumatized petrous apex on the left side
(white arrowhead in b). The contralateral petrous apex is also pneumatized, but the air cells are clear. A small amount of free intracranial air is
shown in the region of Meckel's cave (white arrow in a). Subtotal opacification of paranasal sinuses is also shown, suggestive of acute sinusitis.

sibility and normal ocular motility. The remaining neurologic
and systemic examinations were normal. The patient had no
history of significant infection or disease; hence she was con-
sidered immunocompetent. Her body temperature was mildly
elevated (37.9°C). Blood sample analysis showed leukocytosis
(12.6x10%/mL), neutrophilia (9.16x10%/mL), and elevated C-re-
active protein (CRP; 202 mg/dl) level. Blood cultures (aerobic
and anaerobic) were negative.

The patient was admitted to the hospital, and treatment with
intravenous analgesics and antibiotics (amoxicillin/clavulanic
acid) was initiated. A tympanostomy tube was placed to assure
drainage of the middle-ear fluid, and local treatment with cip-
rofloxacin drops was initiated.

A contrast enhanced computed tomography (CT) of the head
(Figure 1a and 1b) showed left otomastoiditis and petrous
apicitis. Of note, there was extensive symmetrical pneumati-
zation of the petrous apices. Moreover, a small amount of free
intracranial air was noted anterior to the left petrous apex in

Main Points:

We present a case of partial Gradenigo syndrome complicat-
ed by meningitis with associated intracranial air.

This case highlights that presentation of petrous apicitis is
variable and that it can be associated with intracranial com-
plications even in the absence of abducens nerve palsy.
Clinicians are reminded to consider Gradenigo syndrome
whenever otitis media is associated with severe facial pain.

the area of Meckel's cave. Hence, a lumbar puncture was ur-
gently performed; cerebrospinal fluid (CSF) analysis revealed
an elevated white blood cell count (1,520/mm?) and elevated
protein (119 mg/dL) and glucose (56 mg/dL) levels, suggest-
ing bacterial meningitis. Therefore, the intravenous antibiotic
treatment was switched to high-dose ceftriaxone combined
with metronidazole.

An additional magnetic resonance imaging (MRI) scan of the
head confirmed petrous apicitis associated with trigeminal
nerve neuritis and meningeal enhancement around Meckel's
cave (Figure 2a and 2b). There were no arguments for intra-
cranial extension of the infection (no signs of cerebritis, intra-
cerebral abscess formation, or dural venous sinus thrombosis).

The ear swab culture identified Klebsiella pneumoniae and
Streptococcus pneumoniae. CSF culture was negative, but
PCR analysis identified Streptococcus pneumoniae.

The treatment resulted in rapid improvement of the otological
and facial pain. Follow-up high-resolution CT of the temporal
bone and MRI of the head were performed after 2 weeks of
treatment. The CT scan revealed septal erosion of the mastoid
and petrous apex, with loss of cortical integrity (Figure 3). The
MRI showed decreased enhancement of the left mastoid and
petrous apex air cells, trigeminal nerve, Meckel's cave, and sur-
rounding meninges (Figures 4a and 4b). There were again no
arguments for intracranial extension of the infection.

After 3 weeks of antibiotic treatment, the patient was dis-
charged from the hospital with only mild and intermittent fa-
cial paresthesia (V1, V2, and V3 areas). Furthermore, 1 month
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Figure 2. a, b. Magnetic resonance imaging of the head (day 2 of hospitalization). T2-weighted (a) and T1-weighted images post-gadolinium (b)
show loss of normal fluid signal in the left Meckel's cave (black arrow in a), enhancement and enlargement of the cisternal segment of the left
trigeminal nerve and Gasserian ganglion (white arrowhead in b), and heterogeneous signal of the left petrosal air cells with mucosal enhancement
(white arrow in b). There is slight thickening and enhancement of the meningeal lining of the Meckel's cave compared with the contralateral lining.

Figure 3. High-resolution computed tomography (CT) of the left tem-
poral bone (day 16 of hospitalization). Thin section bone-algorithm
CT shows opacification of the mastoid and petrous apex air cells,
resorption of the mastoid septae (black arrow), and loss of cortical
integrity of the mastoid tegmen (white arrowhead) and the petrous
apex next to Meckel's cave (white arrow). The sigmoid plate is intact.
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after discharge, the patient was fully recovered and symptom
free. After taking advice from our infectious disease depart-
ment, the patient received additional pneumococcal vaccina-
tion (13-valent conjugated+23-valent unconjugated).

Written and verbal informed consent was obtained from the
patient for publication of this case report.

Discussion

The presented case is a good example of how subtle and in-
sidious the symptoms of petrous apicitis, a rare but potentially
fatal condition, can be. This case report reminds clinicians to
be attentive for this condition whenever a patient with acute
suppurative otitis media presents with associated severe facial
pain.

Although generally 80% of mastoid bones are pneumatized,
only approximately 30% of petrous apices are pneumatized (8,
9). In the presented case, both the left and right petrous apex-
es were extensively pneumatized. One might assume that the
presence of a highly pneumatized petrous apex predisposes to
apicitis; however, studies supporting this hypothesis are gen-
erally lacking.

Infections in the petrous apex tend to spread medially and
can cause focal meningitis with the irritation of the Gasserian
ganglion in Meckel's cave and the abducens nerve in Dorel-
lo's canal, causing deep facial pain and abducens palsy (8, 9).
However, as exemplified by the presented case, the abducens
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Figure 4. a, b. Magnetic resonance imaging of the head (day 17 of hospitalization). T2-weighted (a) and T1-weighted images post-gadolinium (b)
show increased fluid signal in the left Meckel's cave (black arrowhead in a), normal size and decreased enhancement of the left trigeminal nerve

(white arrow in b), and reduced heterogeneity and enhancement of the left mastoid air cells (white arrowhead in b). There is concomitant resolu-
tion of acute sinusitis (asterisk in b).

nerve is not consistently involved (B). It is suggested that the
trigeminal nerve is more susceptible owing to the thinner bony
floor of Meckel's cave compared with the bony floor under the
abducens nerve (Dorello’s canal). Moreover, dense fibrous con-
nective tissue of Dorello’s canal might additionally protect the
abducens nerve from infection (6).

The incidence of petrous apicitis has strongly decreased since
the widespread use of antibiotics. However, petrous apicitis
may give rise to potentially fatal complications, such as menin-
gitis, intracranial abscess formation, dural venous sinus throm-
bosis, and internal carotid arteritis (3, 6, 10, 11). Therefore, early
recognition of the condition is of major importance (1, 3, 6). In
the presented case, observation of some free intracranial air
(presumably subarachnoid) on CT imaging alarmed us to per-
form alumbar puncture and to eventually set an early diagnosis
of bacterial meningitis. Cases of subarachnoid air associated
with pneumococcal meningitis have been reported previously,
mostly associated with otitis media and/or mastoiditis (12). Al-
ternatively, meningitis with subarachnoid air can be caused by
gas-forming organisms, such as Clostridium perfringens, which
can manifest with large amounts of intracranial gas and are
generally fatal (12).

A recently published retrospective chart review over a 40-year
period (1971-2011; Washington University) identified 44 pa-
tients with petrous apicitis, of which only 2 were complicated
by meningitis (4.5%) (6). One case report has described the
development of Gradenigo syndrome in a patient with AOM

presenting with acute meningitis (4). Another recent case re-
port has described a case of Gradenigo syndrome in a patient
with a 1-year history of chronic serous otitis media complicat-
ed by acute meningitis (3). In both cases, the facial pain of tri-
geminal neuralgia was masked by the holocephalic headache
from meningitis. In contrast to the presented case, both cases
developed abducens palsy on the second day of hospitalization
(8, 4). Hence, the presented case highlights that presentation
of petrous apicitis is variable and that intracranial complica-
tions can occur even in the absence of abducens palsy.

The workup of patients presenting with Gradenigo syndrome
generally includes clinical neurological, and otological exam-
inations, blood sample analysis (white blood cell count, CRP),
high-resolution CT and MRI of the temporal bone, and bacteri-
al cultures (ear swab, preferably before the start of antibiotics)
(6). Lumbar puncture and CSF analysis are performed upon
indication, that is, in case of suspected meningitis or other in-
tracranial complication (3, 4).

The organisms associated with Gradenigo syndrome have not
been well studied. Reported organisms include Staphylococ-
cus species, group A Streptococcus species, Streptococcus
pneumoniae, Klebsiella pneumoniae, Pseudomonas aerugi-
nosa, and Mycobacterium tuberculosis (3, 4, 6). However, cul-
tures are frequently negative as well (6). In this case, Klebsiella
pneumoniae and Streptococcus pneumoniae were identified in
the ear swab culture; PCR analysis of CSF identified Strepto-
coccus pneumoniae.
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Management of Gradenigo syndrome mainly involves timely
medical therapy with intravenous, broad-spectrum antibiotic
treatment. The initial selection of antibiotics is arbitrary but
generally includes ceftriaxone (blood-brain-barrier penetrant,
covers gram-positive and gram-negative aerobes) and met-
ronidazole (blood-brain-barrier penetrant, covers anaerobes).
Some authors have suggested additional association of van-
comycin (6), piperacillin/tazobactam, or imipenem (2). Empiric
antibiotic treatment should be modified depending on the re-
sponse and culture results (6).

The duration of antibiotic treatment is arbitrary and ranges be-
tween 10 days and several weeks to months, depending on the
extent of the infection and presence of intracranial complica-
tions (3). In this case, intravenous treatment was given for 3
weeks, considering the presence of meningitis but the absence
of cerebritis or intracranial abscess.

In this case, there was no place for corticosteroid therapy, be-
cause the patient had already started antibiotic therapy 1 day
before hospitalization.

In addition, management often includes tympanostomy tube
placement to facilitate drainage of the middle-ear fluid. Ma-
jor surgical interventions can generally be avoided and are only
needed in severe cases where the development of abscesses
and osteomyelitis require surgical debridement (surgical inter-
ventions include mastoidectomy*petrosectomy+neurosurgi-
cal drainage by transmastoid, translabyrinthine, trans-sphe-
noid, or middle cranial fossa approaches) (3,6).

In conclusion, we report here a unique case of petrous apici-
tis complicated by meningitis with associated intracranial air,
presenting as an incomplete Gradenigo syndrome without the
abducens palsy. This case emphasizes the great importance of
early recognition of petrous apicitis, a rare but potentially fatal
condition. Therefore, we urge clinicians to consider Gradenigo
syndrome whenever otitis media is associated with severe fa-
cial pain.

Informed Consent: Written informed consent was obtained from the
patients who agreed to take part in the study.
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